Abstract: Differences in metal concentrations and total antioxidant capacity were compared to assess potential risks of consumption amongst four locally sourced and imported crops in Saskatchewan, Canada. Total antioxidant capacity was significantly greater in locally sourced strawberry and red peppers. Concentrations of cadmium, copper, nickel, and zinc were significantly higher in imported crops as opposed to locally sourced crops, measured by inductively coupled plasma mass spectroscopy. Imported and locally sourced lettuce cadmium concentrations exceeded the hazard quotient consumption safety threshold. A field experiment evaluating metal concentrations in the edible tissues of five field grown lettuce cultivars identified that all cultivars exceeded the cadmium safety threshold. 'Pandero' and 'Iceberg' cultivars exceeded the consumption safety threshold for nickel and 'Grand Rapids 08' exceeded the consumption safety threshold for aluminum. Antioxidant capacity differed significantly amongst cultivars. Correlation analysis was conducted to determine if antioxidant capacity can be used as a proxy for trace metal concentrations. When comparing all field lettuce, there was a significant correlation between copper and nickel concentrations and antioxidant capacity. This research reinforces the need to screen for cultivarspecific metal accumulation and the identification of markers for cadmium accumulation in lettuce.
Introduction
Essential metals are required for plant growth and human nutrition. Phytotoxic concentrations of essential metals such as copper (Cu), nickel (Ni), and zinc (Zn), and accumulation of non-essential metals such as aluminum (Al), cadmium (Cd), and lead (Pb) in agricultural soils and water can be hazardous to human health through uptake and bioaccumulation in economically important crops (McLaughlin et al. 1999) . For example, chronic exposure through consumption of Cdcontaminated rice (Orzya sativa L.) led to increased incidence of osteoporosis and brittle bone disease in the population group from Toyama Prefecture, Japan (Ogawa et al. 2004) . Increases in essential and nonessential metal soil deposition arises from artificial sources such as soil run off, improper disposal of industrial and commercial effluents or anthropogenic deposition from fossil fuel combustion (Ross 1994; He et al. 2005) .
The implications associated with metal contamination in crops are of great concern, particularly in locally grown horticultural produce (Murray et al. 2011; Bacigalupo and Hale 2012) . identified that in lettuce (Lactuca sativa L.), 77% of the total Cd translocated into leaves. In cauliflower (Brassica oleracea L.), eggplant (Solanum melongena L.), okra (Abelmoschus esculentus (L.) Moench), onion (Allium cepa L.), pumpkin (Cucurbita pepo L.), spinach (Spinacia oleracea L.), and bitter gourd (Momordica charantia L.), Cd preferentially accumulated in leaf tissue at twice the total amount as the fruit or roots of the plant (Qadir et al. 2000) . Other non-essential trace metals such as Pb accumulated at higher concentrations in the roots than the shoots of common bean (Phaseolus vulgaris L.), field pea (Pisum sativum L.), cucumber (Cucumus sativus L.), as well as onion (Wierzbicka 1999) . Norton et al. (2015) determined that the consumption of homegrown vegetables in the South-West and North-East of Britain was a major contributor to total Cd and Pb exposure. Similar reports have been made for urban garden crops grown in Ontario (Murray et al. 2011; Bacigalupo and Hale 2012) , Germany (Säumel et al. 2012) , China (Fang et al. 2011) , France (Douay et al. 2007) , and the United States (Finster et al. 2004) .
The prevalence of horticultural crops is increasing in Canada. In 2015, Canadian vegetable exports totaled more than one billion dollars (Statistics Canada 2015) . While Canadian total lettuce production (metric tons) increased by 69.5% in 2015 (from 2012) only 1% of the total lettuce production is attributable to Saskatchewan growers (Statistics Canada 2015) . This is despite the fact that horticultural crops grown in Saskatchewan's northern latitude continental climate are exposed to environmental conditions that can improve nutritional quality (Barl et al. 2002) . Antioxidant levels increase under a continental climate due to large day/night diurnal shifts in temperature and long photoperiods during the summer (Jaakola and Hohtola 2010) . Research conducted by Barl et al. (2002) demonstrated medicinal crops such as purple cone flower (Echinacea angustifolia DC.) grown in northern latitudes contain increased echinascoside concentrations compared with plants grown in southern latitudes.
Quality loss may be exacerbated by chilling injury resulting from long term exposure to low temperature during transport (Ayala-Zavala et al. 2004 ) and storage (Zhang et al. 2008) . For example, in Chinese Bayberry fruit (Myrica rubra Sieb. and Zucc.), the length of storage time, storage temperature, and fruit maturity resulted in a significant decrease in antioxidant capacity when compared with fresh picked fruit (Zhang et al. 2008) . In addition to reducing the environmental and economic impact of long term storage, including lengthy transportation of produce, locally grown horticultural crops embrace the philosophy of a sustainable carbon footprint through an increase in urban green space, as well as providing an opportunity for community building (Brown and Jameton 2000; Leake et al. 2009 ). In terms of phytotoxic metal accumulation, upregulation of antioxidant systems in plants can also act as biomarkers for environmental stress in the surrounding ecosystem (Białońska et al. 2007) .
The majority of the recent research quantifying metal uptake and accumulation in horticultural crops in Canada has been conducted in Ontario (Murray et al. 2009 (Murray et al. , 2011 Bacigalupo and Hale 2012) . Greater emphasis needs to be placed on a comparison of imported and locally sourced crops as well as regional studies to determine risk levels of urban and(or) locally grown produce in continental climates such as Saskatoon, Saskatchewan. Risk assessment characterizes the potential adverse health effects of human exposure to environmental hazards (Markus and McBratney 2001) . One such risk assessment method is the hazard quotient (HQ), which quantifies the potential risk of consumption by measuring the ratio of metal concentration consumed relative to the toxicity threshold of that metal for humans (Pierzynski et al. 2000; Sipter et al. 2008; Murray et al. 2011) . If the calculated HQ value is greater than one, then the consumer is potentially at risk of exposure to metal induced toxicity. For example, Murray et al. (2011) identified that in three of the five crops tested; carrot (Daucus carota L.), radish (Raphanus sativus L.), and lettuce exceeded safe limits (based upon HQ calculations) for Cd and zinc (Zn) in two of the four Canadian agricultural soils tested.
The objectives of the present study were to determine metal concentrations and antioxidant capacity for red leaf lettuce, field tomato (Solanum lycopersicum L.), red bell pepper (Capsicum annuum L.), and strawberry (Fagaria × ananassa) in order to assess the benefits for growing and consuming locally sourced as opposed to imported crops. Lettuce has traditionally been viewed as a significant accumulator of trace metals (Murray et al. 2011; . As more species and cultivarspecific information is gathered, it becomes possible to place crops such as lettuce into a number of categories and subsequently establish whether there is genetic variability in relation to metal accumulation (Penner et al. 1995) . In the present study, five field grown lettuce cultivars were also assessed to determine if there was cultivar-or species-specific metal accumulation. To account for exposure to pesticides and fertilizers and different soils, all plant tissues were tested for a total of 51 elements. For three essential (Cu, Ni, and Zn) and non-essential (Al, Cd, and Pb) metals, the potential health risks to humans consuming the edible tissues were assessed. Since trace metal analysis is more time consuming compared with antioxidant capacity, correlation analysis was run to determine if antioxidant capacity can be used as a proxy for trace metal content.
Materials and Methods

Plant material
Fruit and vegetable crops purchased from the Saskatoon Farmers Market (local) and from the Retail Grocers (imported) included: strawberry (Saskatoon, Saskatchewan; Santa Maria, California), field tomato (Grandora, Saskatchewan; Oceanside, California), red bell pepper (Grandora, Saskatchewan; Coachella, California), and red leaf lettuce (Rosthern, Saskatchewan; Surrey, British Columbia). Samples were collected across three separate sampling dates. All plant material was washed with distilled water and then dried with paper towel prior to experimental analysis.
One of the main limitations of this approach is that cultivar-specific comparisons between imported and locally sourced samples could not be made. Thus, lettuce trials were conducted at the Horticulture Field Research Station at the University of Saskatchewan in Saskatoon, Saskatchewan, Canada (latitude 52°9′N) in May 2008. Five lettuce cultivars were tested: 'Remington', 'Grand Rapids 08', 'Iceberg', 'Pandero', and 'Baby Green'. This site features a Sutherland series clay loam soil (pH 7.8, electrical conductivity <1.0 dS m
−1
). Soil tests conducted at the horticulture field plots indicate that the soil is high in required nutrients (>400 kg P 2 O 5 ha −1 and >1000 kg K 2 O ha −1 ). Every four years the site is fertilized with 10 T ha −1 of composted cattle manure to enhance organic matter content. Drip irrigation was used to maintain adequate soil moisture levels throughout the growing season. Lettuce cultivars were seeded using a Planet Jr. Type seeder in 6 m long twin rows. Every plot contained one twin row for each lettuce cultivar. Plots were hand weeded every two weeks. Plants randomly selected from each row were harvested on 28 July 2008 and bulked as one replicate. Samples from three separate plots were tested (n = 3). All harvested plant material was washed with distilled water and then blotted dry with Kimwipes prior to experimental analysis. Tissue was immediately subsampled for antioxidant extraction.
Total antioxidant capacity
Antioxidant extractions were conducted using a modified protocol outlined by Leong and Shui (2002) . Fresh bulked tissue was homogenized in a food processor.
Approximately 2.5 g of bulked tissue was weighed into a 50 mL centrifuge tube, and 25 mL of 50% aqueous ethanol was added (1:10 w/v). Samples were vortexed for 1 min then centrifuged at 2000g for 5 min at room temperature. Supernatant was filtered through miracloth and stored at −20°C overnight. Total antioxidant capacity was determined using a modified 2, 2-diphenyl-1-picrylhydrazyl (DPPH2) assay (Sánchez-Moreno et al. 1998) . A 650 μL aliquot of extract was added to 9 mL of DPPH2 solution (125 μM DPPH2, 70% methanol). Scavenging of DPPH2 radicals was monitored by a spectrophotometer (DU 640 UV/VIS, Beckman, USA) at 517 nm and values were recorded after 15 min at ambient temperature. Standard solutions with known antioxidant capacities were run with samples. Absorbance readings were performed in duplicate. The percent of inhibition of the DPPH2 radical for each sample was calculated using eq. 1: % Inhibition = ½1 − ðA 517 sample=A 517 blankÞ Ã 100 (1)
Metal analysis
Inductively coupled plasma mass spectroscopy (ICP-MS) was used to measure metal concentrations using a modified protocol outlined by Jenner et al. (1990) . Tissue was sectioned into small, uniform 2 cm long pieces, and oven-dried (60°C) to constant weight. Dried plant tissues were ground to a fine powder and approximately 0.1 g were weighed into individual HClwashed Teflon jars. Two milliliters (2 mL) of nitric acid (Trace-Metal™ Grade, Fisher Chemicals) was added to each sample. Teflon jars were fitted with a screw cap, and placed on a hot plate set at 100°C to digest the sample overnight. The sample was then removed from the hot plate. Upon cooling, 0.5 mL of hydrogen peroxide (10%) was added to the sample, and then the sample was placed back on the hot plate (100°C) overnight to digest.
Samples were then transferred to acid washed sample bottles and diluted with milli-Q water to produce a final volume of 100 mL. Samples were then analyzed using a Perkin Elmer NexIon 300D ICP-MS. Three replicates per crop were analyzed for the following 51 elements assessed: Cd, Ni, Cu, Zn, Al, lithium (Li), scandium (Sc), vanadium (V), rubidium (Rb), strontium (Sr), yttrium (Y), zirconium (Zr), niobium (Nb), caesium (Cs), barium (Ba), lanthanum (La), cerium (Ce), praseodymium (Pr), neodymium (Nd), samarium (Sm), europium (Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm), ytterbium (Yb), lutetium (Lu), hafnium (Hf), tantalum (Ta), thallium (Tl), lead (Pb), thorium (Th), uranium (U), phosphorus (P), titanium (Ti), chromium (Cr), cobalt (Co), mercury (Hg), gallium (Ga), silicon (Si), arsenic (As), germanium (Ge), molybdenum (Mo), silver (Ag), tin (Sn), antimony (Sb), tungsten (W), magnesium (Mg), and calcium (Ca). Controls of distilled water, nitric acid, a National Institute of Science and Technology (NIST) tomato leaf standard (Standard Reference Material 1573a, NIST, Gaithersburg, USA), as well as Basalt Columbia River Standard (BCR-2) for ICP-MS analysis (United States Geological Survey Standard BCR-2) were processed and analyzed with the samples. The ICP-MS detection limits for all detected metals were equal to at least three times the standard deviation of readings for nitric acid and distilled water blanks.
Quantification of risk of consumption
Ingestion of vegetables with potentially high concentrations of trace metals was the only exposure pathway considered in this study. The HQ was calculated using a modified method from Murray et al. (2009) using eq. 2:
The average daily dose was calculated using eq. 3 (Sipter et al. 2008 has a value greater than one, then the average daily dose is greater than the safe amount of metal that can be consumed per day. Since the calculated male and female hazard quotient values were the same, only a general hazard quotient was presented.
Statistical analysis
Data were analyzed using Sigma Plot statistical software (version 11). In the first experiment identifying differences in locally sourced and imported food crops, metal analysis, and antioxidant content was measured using the student's t-test. Samples were tested for equality of variances using the folded form F statistic. If there was a significant difference between two variances within a specific treatment group (locally sourced and imported), then the pooled t statistic was used. If there was unequal variance within a specific treatment group, then the Satterthwaite method was used. In cases where significance was detected, it was denoted with an asterisk (*P < 0.05, **P < 0.01 or ***P < 0.001). Mean values were presented with standard error (SE).
One-way analysis of variance (ANOVA) was used to determine differences in metal concentration and antioxidant capacity amongst different lettuce cultivar leaf tissue sampled from the field plots. Tukey's HSD post hoc test was used to determine significant differences between means (P < 0.05). Significant differences amongst lettuce cultivars for a specific metal's concentration or total antioxidant capacity were distinguished with a different letter.
Results
Antioxidant capacity
There was a significantly greater antioxidant capacity in locally sourced strawberry (P < 0.05) and red pepper (P < 0.01) as opposed to imported strawberry and red pepper crops (Figs. 1A, 1C ), but no significant difference in locally or imported tomato and red leaf lettuce antioxidant capacities were detected (Figs 1B, 1D). Locally sourced strawberry and pepper crops were respectively 1.3 and 1.4 fold greater in antioxidant capacity compared with imported crops. Amongst the five lettuce cultivars tested, 'Remington' and 'Pandero' had significantly greater antioxidant capacities than 'Grand Rapids 08', 'Baby Green', and 'Iceberg' (P < 0.05; Fig. 2 ).
Overall metal analysis
Of the 51 elements tested with ICP-MS, 16 were not detected in any crop tissue (Sc, Ge, Se, Ag, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Lu, Hf, Ta, and Tl). Ten essential and Fig. 1 . Mean antioxidant capacities (%) of selected horticultural crops either sourced locally or imported from outside the Province of Saskatchewan. Each value is the mean ± SE of three replications. Asterisks denote a significant difference (Student's t-test, *, P < 0.05, **, P < 0.01) between a specific locally sourced and imported crop.
beneficial metals (Mg, P, Ca, Mn, Fe, Co, Ni, Cu, Zn, and Mo) were identified in the edible tissues of all horticultural crops tested (Table 1; 3). Of the non-essential metals, 10 were identified as only in one to two lettuce cultivars (Ti, Ga, As, Sb, La, Pr, Nd, Hg, Th, and U), while an additional 15 non-essential metals accumulated in a greater frequency in all horticultural crops tested (Li, Al, V, Cr, Rb, Sr, Y, Zr, Nb, Cd, Sn, Cs, Ba, Ce, and Pb).
In instances where standards (BCR-2, NIST Tomato 1573a) did not contain a standardized concentration of a specific element, recovery percentages could not be calculated and were indicated as not applicable (NA). Recovery percentages (n = 3) were as follows for detected essential and beneficial metals: Mg ( Of the field lettuce cultivars tested, 'Grand Rapids 08' accumulated the highest concentrations of Mg, P, Ca, Mn, and Mo (P < 0.05; Table 3 ). 'Pandero' accumulated the highest concentrations of Fe, Ni, and Cu, while 'Remington' accumulated the highest concentrations of Zn, and 'Iceberg' accumulated the highest concentrations of Co (P < 0.05; Table 3 ). 'Grand Rapids 08' also accumulated significantly greater concentrations of Li, Al, V, Sr, Y, Cs, Ba, Pb than the other four field grown lettuce cultivars (P < 0.05; Table 4 ). 'Pandero' accumulated significantly greater concentrations of Rb than the other four field grown lettuce cultivars (P < 0.05; Table 4 ).
Certain elements, such as Cr, were only identified in imported strawberries, tomatoes, red peppers, and red leaf lettuce as well as three of the five field grown lettuce cultivars ('Remington', 'Grand Rapids 08', and 'Pandero'; Tables 2 and 4 When comparing imported and locally sourced crops, there was a difference based on crop type. In local and imported tomato, strawberry, and red leaf lettuce, Al concentrations were respectively 2.7, 2.8, and 2.0 fold greater in locally sourced compared with imported crops (P < 0.01; Table 2 ). In contrast, imported red pepper (1.3 fold) had significantly greater concentrations of Al than locally sourced crops (P < 0.05; Table 2 ). But, it is notable that the calculated Al HQs for both locally sourced and imported strawberry, tomato, red leaf lettuce, and red pepper were all below 1 (Figure 3) .
Amongst the five lettuce cultivars grown at the University of Saskatchewan horticulture field plots, 'Grand Rapids 08' accumulated the highest concentration of Al, which was 17 fold greater than the second highest accumulating cultivar (P < 0.05; 'Baby Green'; Table 4 ). 'Grand Rapids 08' lettuce did not pass the requirement for a hyper-accumulating species (3000 mg·kg −1 dry weight) as outlined by Masunaga et al. (1998) . Only 'Grand Rapids 08' was identified as having an Al HQ above one, while the 'Pandero', 'Baby Green', 'Remington', and 'Iceberg' HQs were less than 0.1 (Fig. 4) . When considering all field grown lettuce cultivars as one group, there was no significant correlation between leaf tissue Al concentrations and tissue antioxidant capacity (P < 0.05; Table 5 ). Each value is the mean ± SE of three replications. Values followed by different letters are significantly different (one-way analysis of variance, Tukey's HSD, P < 0.05).
Cadmium (Cd)
In the case of strawberry, all HQs were below 1 (Fig. 3) , however, there was a significantly greater concentration of Cd in local samples (1.6 fold) compared with imported crops (P < 0.05; Table 2 ). By contrast, there was a significantly greater concentration of Cd in imported (2.2 fold) compared with locally grown red leaf lettuce (P < 0.05; Table 2 ). Both locally sourced and imported tomatoes as well as local red peppers had non-detectable concentrations of Cd in their edible tissues. Amongst imported horticultural crops tested, Cd concentration ranked in descending order: red leaf lettuce, red pepper and strawberry. Only local and imported red leaf lettuce were identified as having Cd HQs above one (Fig. 3) .
Amongst the five lettuce cultivars tested, 'Baby Green' accumulated the highest concentration of Cd, which was 2.7 fold greater than the second highest accumulating cultivar, 'Iceberg' (P < 0.05; Table 4 ). 'Iceberg', 'Grand Rapids 08', and 'Remington' had accumulated significantly greater concentrations of Cd than 'Pandero' (P < 0.05; Table 4 ). From greatest to least Cd accumulation, the cultivars are ranked: 'Baby Green', 'Iceberg', 'Remington', 'Grand Rapids 08', and then 'Pandero'. All field grown lettuce cultivars tested had Cd HQs above 1 (Figure 4) . When considering all field grown lettuce cultivars as one group, there was no significant correlation between leaf tissue Cd concentrations and tissue antioxidant capacity (P < 0.05; Table 5 ).
Copper (Cu)
In the case of red leaf lettuce, red peppers, tomatoes, and strawberry, there was significantly greater concentration of Cu in imported samples (4.2, 3.2, 1.5, and 1.4 fold, respectively) as opposed to locally sourced crops (P < 0.05; Table 1) . Amongst imported horticultural crops tested, the ranking from greatest to least in terms of Cu concentration is: tomatoes, red peppers, red leaf lettuce, and then strawberry. Amongst locally sourced horticultural crops tested, the ranking from greatest to least in terms of Cu concentration in edible tissues is: red leaf lettuce, red peppers, tomatoes, and then strawberries. None of the four horticultural crops tested had a Cu HQ above 1 (Fig. 3) .
Amongst the five lettuce cultivars tested, 'Pandero' accumulated the highest concentration of Cu, which was 1.5 fold greater than the second highest Cu accumulating cultivar, 'Grand Rapids 08' (P < 0.05; Table 3 ). From greatest to least Cu accumulation, the cultivars are ranked: 'Pandero', 'Grand Rapids 08', 'Baby Green', 'Remington', and then 'Iceberg'. All of the lettuce cultivars tested had Cu HQs below 1 (Figure 4) . When considering all field grown lettuce cultivars as one group, there was a significant correlation between leaf tissue Cu concentrations and tissue antioxidant capacity (P < 0.05; Table 5 ). 
Note:
Each value is the mean ± SE of three replicates. Asterisks denote a significant difference (students t-test, *, P < 0.05, **, P < 0.01, ***, P < 0.001) between the metal concentration of an imported and local crop. BDL indicates that the metal concentration was below the detection limit (DL).
Nickel (Ni)
When comparing imported as opposed to locally sourced crops, there was a highly significant difference in local and imported red pepper and lettuce Ni concentrations, with 32.1 and 9.2 fold greater concentrations in imported as opposed to locally sourced varieties, respectively (P < 0.01; Table 1 ). There were no significant differences in Ni concentrations amongst local and imported strawberry or tomato samples. From greatest to least concentration amongst local crops, the ranking was: strawberry, tomato, red leaf lettuce, and then red pepper. From greatest to least concentration amongst imported crops, the ranking was: red pepper, red leaf lettuce, strawberry, and then tomato ( Table 1 ). The calculated Ni HQs for strawberry, tomato, red leaf lettuce, and red pepper were all below 1 (Fig. 3) . Nevertheless, imported red leaf lettuce had a 25.0 fold greater Ni HQ than the locally sourced variety, and imported red pepper had a 9.1 fold greater Ni HQ than the locally sourced variety.
Amongst the five lettuce cultivars grown at the University of Saskatchewan field plots, 'Pandero' accumulated the highest concentration of Ni, which was 3.2 fold greater than the second highest accumulating variety, 'Iceberg' (P < 0.05; Table 3 ). 'Iceberg' accumulated a significantly greater concentration of Ni than 'Baby Green', 'Grand Rapids 08', and 'Remington' (P < 0.05; Table 3 ). From greatest to least Ni accumulation, the cultivars are ranked: 'Pandero', 'Iceberg', 'Baby Green', 'Remington', and then 'Grand Rapids 08'. Two of the five lettuce cultivars tested, 'Pandero' and 'Iceberg', had Ni HQs above 1 (Fig. 4) . When considering all field grown lettuce cultivars as one group, there was a significant correlation between leaf tissue Ni concentrations and tissue antioxidant capacity (P < 0.05; Table 5 ).
Lead (Pb)
The four local and imported horticultural crops had Pb concentrations ranging between 0.05 and 0.62, with imported lettuce significantly accumulating five-fold higher Pb levels than locally grown lettuce (P < 0.05; Table 2 ). The calculated Pb HQs for the four horticultural crops tested were below 0.01 (Figure 3) . Amongst the five lettuce cultivars grown at the University of Saskatchewan horticulture field plots, 'Grand Rapids 08' accumulated the highest concentration of Pb, which was 1.9 fold greater than the second highest accumulating variety, 'Pandero' (P < 0.05; Table 4 ). 'Pandero' and 'Iceberg' accumulated a significantly greater concentration of Pb than 'Baby Green' and 'Remington' (P < 0.05). All Pb HQs of the five field grown lettuce cultivars were below 0.05 (Fig. 4) . When considering all field grown lettuce cultivars as one group, there was no significant correlation between leaf tissue Pb concentrations and tissue antioxidant capacity (P < 0.05; Table 5 ). 
Note:
Zinc (Zn)
When comparing imported as opposed to locally sourced plants, there was a significant difference in local Zn concentrations in tomato (1.1 fold), red pepper (1.5 fold), and red leaf lettuce (2.8 fold) compared with imported plants (Table 1) . There was no significant difference in Zn concentrations between local and imported strawberries. From greatest to least Zn concentration amongst the local crops tested, the crops were ranked: red pepper, red leaf lettuce, tomato, and then strawberry. From greatest to least concentration amongst imported crops, the crops were ranked: red leaf lettuce, red pepper, tomato, and then strawberry. The calculated Zn HQs for all four horticultural crops tested were below 1 (Fig. 3) . Imported red leaf lettuce had a 2.8 fold greater Zn HQ than the local variety (Fig. 3) . Local and imported strawberry, tomato, and red peppers had Zn HQs ranging from 0.05 to 0.14.
Amongst the five lettuce cultivars grown at the University of Saskatchewan field plots, there were significant differences in Zn accumulation. 'Remington' accumulated the highest concentration of Zn, which was 1.7 fold greater than the second highest accumulating variety, 'Baby Green' (Table 3) . However, none of the lettuce cultivars had a Zn HQ greater than 1 (Fig. 4) . When considering all field grown lettuce cultivars as one group, there was no significant correlation between leaf tissue Zn concentrations and tissue antioxidant capacity (P < 0.05; Table 5 ).
Discussion
Total antioxidant capacity
Antioxidant capacity of imported crops of strawberry and red peppers were significantly lower compared with locally produced crops and may indicate either cultivardependent differences or a decline associated with length of postharvest transportation and(or) storage. These results are supported by previous research monitoring antioxidant concentrations, indicating a decline in antioxidant capacity correlated with the length and temperature at which produce was stored (Ayala-Zavala et al. 2004; Zhang et al. 2008 ). In the case of sweet bell peppers, postharvest quality and shelf life are affected by both the harvesting stage, storage duration, and temperature (Lim et al. 2007 ). Exposure of bell peppers to chilling temperatures during storage can also result in pitting, reducing produce texture quality (Lim et al. 2007) . A lack of difference in the antioxidant capacities of red leaf lettuce and tomatoes could be due to the variability amongst the small number of replicates (n = 3). A more thorough study testing the same horticultural cultivars of crops grown in multiple locations as well as the influence of postharvest storage and transport are required to test this theory.
Furthermore, fruit and vegetable maturity is one of the major factors that determines compositional quality. For example, tomatoes harvested green and then fully ripened at room temperature had significantly reduced concentrations of ascorbic acid compared with tomatoes harvested at the fully ripened stage (Kader et al. 1977) . Non-climacteric crops such as strawberry or tomato have to be picked before fully ripe to avoid mechanical damage during transportation. Geographical location could also be a factor in the antioxidant capacities of locally sourced as opposed to imported horticultural crops.
Results by Barl and Tanino (unpublished) indicate that a Northern Vigor® response along with its nonclimacteric nature could explain why locally sourced strawberries have a significantly greater antioxidant concentration as opposed to the imported crop. Highperformance liquid chromatography of E. angustifolia root extracts indicated that phytomedicinal concentrations varied significantly with geographical origin, with higher concentrations of phenolics such as echinascosides and alkylamides identified in plants originating from northern latitudes (Barl and Tanino unpublished) . Similar northern latitude specific effects have been identified in bilberries (Vaccinium myrtillus L.) in field, common garden (Åkerström et al. 2010) , and growth chamber experiments (Uleberg et al. 2012) . Northern altitude bilberries had an earlier ripening time and higher concentrations of phenolic compounds as opposed to the southern latitude bilberries when grown under the same controlled conditions (Uleberg et al. 2012 ).
Significant differences amongst the five lettuce cultivars grown at the University of Saskatchewan field plots indicate antioxidant capacity could be a cultivar specific trait in lettuce. Previous research on antioxidant capacity identified five red leaf lettuce cultivars had significantly greater antioxidant concentrations than five green lettuce cultivars with significant differences in antioxidant concentration amongst the red cultivars as well as the green leaf cultivars (Ozgen and Sekerci 2011) . While our study used whole 'bulk' leaf extractions for antioxidant capacity, research on lettuce antioxidant concentrations have indicated tissue specific differences. Biosynthesis of flavonoids and anthocyanins are stimulated by light, particularly on the exposed side of produce, which usually has a greater antioxidant concentration than the shaded leaf side (Manach et al. 2004 ).
Trace metals
Trace metal concentrations varied significantly depending upon the element tested, species, and the source location (locally sourced as opposed to imported from outside of Saskatchewan). Differences in edible tissue metal concentrations amongst site location could be attributed to the plant's capacity to exude molecules that alter soil pH (Taylor 1988) or redox state (Bais et al. 2006) , or forming symbiotic relationships with mycorrhizal fungi (Göhre and Paszkowksi 2006) or bacteria (Columbus and Macfie 2015) to modify metal availability. Since we do not have access to soil samples from the local and imported sites, we cannot compare or contrast Table 4 . Mean concentrations of select non-essential metals in leaves of field grown lettuce cultivars. 
Note:
Within each column mean values with lowercased letters are significantly different (one way analysis of variance, Tukey's HSD, P < 0.05). BDL indicates that the metal concentration was below the detection limit (DL). Each value is the mean ± SE of three replicates. these variables. It is, however, reasonable to suggest that a combination of the aforementioned physicochemical characteristics alters metal bio-accessibility in the soil and different properties would therefore affect different metals' accessibility and the plants' ability to uptake these metals.
Overall, lettuce displayed the greatest potential for Cd, Cu, Ni, Pb, and Zn uptake, while strawberry and tomato proved to have the highest Al accumulation amongst the tested horticultural crops. These results are not surprising, as the distribution of metals within a plant is in large part due to metal retention by specific plant tissues. For example, metals are generally retained within the roots either due to the Casparian strip (Lux et al. 2004 ), retention by cell walls (Rangel et al. 2009 ), or the movement of metals may be impeded by the absence of an ion specific H+/ATPase pump (Kennedy and Gonsalves 1989) .
The presence of certain non-essential trace metals can adversely affect the bioavailability of others, as seen with Cd, Ni, and Zn. For example, phytotoxic concentrations of Cd or Zn in nutrient solutions have antagonistic Fig. 3 . Hazard quotients (HQ) of Al, Cd, Cu, Ni, Pb, and Zn in strawberry (S), tomato (T), red pepper (P), and red leaf lettuce (L) either grown locally or imported from outside the Province of Saskatchewan. Values greater than one (above the broken line) are determined to be potentially hazardous to human health. The HQs for Cd in tomato and local red pepper were not detectable (ND), as Cd in these samples were below the detectable limit of the ICP-MS and HQs could not be calculated.
effects on Ni uptake in wheat (Taylor et al. 1992) . This is postulated to be due to shared uptake of metals by Ni and Cd transporters (Mizuno et al. 2005; Wei et al. 2009 ). In the present study, the highest Cd accumulating cultivar, 'Baby Green', a Romaine lettuce, had the smallest accumulation of Ni. Conversely, 'Pandero', a high Ni accumulating Romaine lettuce, had the lowest concentration of Cd tested. While either Cd or Ni toxicity will result in reduced developmental and physiological function, it is possible that a still undiscovered Cd or Ni transporter present within these two Romaine cultivars could influence Cd and Ni uptake.
Certain metals, such as Pb, are readily adsorbed by roots, but are unable to translocate in large concentrations into the shoots and leaves of the plant. Conversely, Al can accumulate at the end of the transpiration stream, as was the case in buckwheat (Fagopyrum esculentum Moench. cv. 'Jianxi'; Shen and Ma 2001) . In the case of Zn, Cd, and Ni in spring wheat (Page and Feller 2005) , as well as Zn and Cu in castor bean (Ricinus communis L.; Fig. 4 . Hazard quotients (HQ) of Al, Cd, Cu, Ni, Pb, and Zn in 'Remington' (RM), 'Grand Rapids 08' (GR), 'Iceberg' (IB), 'Pandero' (PD), and 'Baby Green' (BG) lettuce cultivars grown in Saskatchewan. Values greater than one (above the broken line) are determined to be potentially hazardous to human health. Schmidke and Stephan 1995) , trace metals can be remobilized from old to new leaves. However, the rate of phloem metal re-distribution varies depending upon the element. For example, in spring wheat, Zn is re-distributed at a faster rate than Cd, which re-distributes at a faster rate than Ni (Page and Feller 2005) . In castor bean, while both Zn and Cu are phloem mobile, Zn can redistribute at a faster rate than Cu (Schmidke and Stephan 1995) . hypothesized that lettuce accumulated higher concentrations of Cd in its leaves than barley or radish due to the greater leaf surface area in lettuce, resulting in an increase in metal translocation. Elevated metal concentrations (Al, Cd, Cu, Ni, Zn) in lettuce compared with strawberry, tomato, and red peppers could also be explained by lettuce's greater leaf surface area increasing the transpirational pull of metals from the roots to the shoots of the plant. Furthermore, transpiration pull could differ amongst the types of lettuce. For example, Leaf and Romaine lettuce have a higher surface area to volume ratio exposed to the air compared with head lettuce. 'Pandero' (Romaine), 'Baby Green' (Romaine), 'Remington' (Romaine), and 'Grand Rapids 08' (Leaf), unlike 'Iceberg', should have a greater surface to volume ratio that could potentially translocate greater amounts of phloem mobile metals to their leaves. However, additional experiments are needed to test this theory in order to exclude cultivar-dependent effects.
Mechanisms aiding in metal translocation have been suggested in the past: phytochelatins, organic acids, and peptides (reviewed in Kutrowska and Szelag 2014) . Differences between the type of edible tissue in leafy greens and fruit (peppers, tomatoes, and strawberries) could explain the differences in accumulation. The greater concentration of Al in strawberry and tomato could be metal specific. Similar Cd transport into lettuce shoots, and Al transport into fruit, could be a result of a similar mechanism of transpiration and storage in fruit. However, further research on the accumulation of Al in strawberry and tomato is required to test this theory.
Although all samples were washed in our study, atmospheric deposition can also play a role in leaf metal concentrations. Leafy greens susceptible to metal contamination could arise in part from soil and dust deposition and may increase concentrations of these elements (Norton et al. 2015) . Ferri et al. (2015) measured concentrations of metals in unwashed compared with washed spinach showing overall washing reduced metal concentrations. Regions with high concentrations of atmospheric deposition have increased concentrations of metals in their urban soils. For example, studies conducted in inner city Berlin, Germany (Säumel et al. 2012) and Nanjing, China (Fang et al. 2011 ) community gardens had higher concentrations of Pb compared with areas with less urban traffic. Similarly, in a controlled environment study, Bassuk (1986) identified that lettuce cultivars exposed to engine exhaust accumulated elevated levels of Pb compared with controls. Washing with water did not remove Pb significantly, but an additional wash with either dish soap or vinegar was effective (Bassuk 1986 ).
Accumulation of As, Sn, and Hg within lettuce cultivars grown at the University of Saskatchewan horticulture field plots could be influenced by anthropogenic factors as well as the field site's soil quality. This site has been in continual use for over 80 years and has been exposed to a variety of pesticides, fungicides, insecticides, and fertilizers, resulting in the potential accumulation of toxic trace metals. Future soil tests and pot studies using important horticultural and agronomical crops with soil samples from additional University of Saskatchewan field sites, privately owned farms, and urban garden centers such as those run by Murray et al. (2009) are required to test the safety of crops grown in Saskatchewan soils.
Screening level for risk assessment
While HQs for Al, Cd, Cu, Ni, Pb, and Zn in strawberry, tomato, and red pepper were all below 1, red leaf lettuce from both the imported and local samples registered above 1,indicating that supermarket available lettuce has the potential to exceed safe concentrations of daily Cd uptake. With lettuce cultivars grown at the University of Saskatchewan Horticulture Field, we identified that certain varieties of lettuce were able to accumulate trace metals to potentially adverse levels. While all five cultivars accumulated potentially hazardous levels of Cd, three varieties accumulated hazardous levels of either Al ('Grand Rapids 08') or Ni ('Iceberg' and 'Pandero'). This suggests the possibility for cultivar specific accumulation of trace metals. This also emphasizes the need for increased plant breeding efforts to reduce potentially hazardous levels of metals from accumulation in edible leaf tissues. Durum wheat (Triticum turgidum L. var. durum) has a propensity to accumulate Cd at greater levels than common wheat (Zook et al. 1970) , exceeding safe levels imposed by international trade standards. Identification of a Cdu1 single dominant heritable gene controlling Cd uptake (Penner et al. 1995) facilitated the selection and development of 'Napoleon', the first low accumulating durum wheat cultivar released in Canada (Humphreys et al. 2010) .
Similar molecular studies should be undertaken to identify homologous Cdu1 genes in dicots such as the ones discussed in the present study. The utilization of Additional antioxidant assays such as Trolox equivalent antioxidant capacity, oxygen radical absorbance capacity, total radical trapping antioxidant parameter, and the ferric ion reducing antioxidant power assays (reviewed in Huang et al. 2005) should also be tested against multiple field grown lettuce cultivars in order to determine if antioxidant capacity assays can act as markers for Cd-accumulation in lettuce cultivars. The HQs presented in this study are based upon the assumption that the average Canadian will consume only one vegetable in its raw (washed) form and do not take into account a mixed vegetable diet or cooking methods (steaming, boiling, or braising) which could result in metals leaching prior to their consumption. Collectively, these HQ results highlight the need for future research into mechanisms of trace metal uptake for the purpose of identifying biomarkers for future breeding efforts.
Conclusions
The present study demonstrated that selected imported horticultural crops accumulated metals at a higher concentration and antioxidants at a lower concentration compared with equivalent locally sourced Saskatchewan crops. Of the four horticultural crops tested, lettuce was more likely to pose a potential health hazard to consumers than strawberries, tomatoes or red peppers due to high concentrations of Cd. This highlights the importance of continued produce testing as well as the potential benefits of locally grown produce. Of the field-tested lettuce cultivars, there was a significant cultivar-dependent difference in antioxidant capacity as well as metal concentrations in lettuce leaves. The present study indicates that all lettuce cultivars accumulated potentially hazardous concentrations of Cd and had the capacity to accumulate hazardous concentrations of Al (in the case of 'Grand Rapids 08') and Ni (in the case of 'Pandero' and 'Iceberg'). In order to extrapolate these results to an agriculturally relevant scale, more field-level tests involving additional Romaine, Leaf, and Head lettuce cultivars are required. If genetic variability amongst known Romaine, Leaf, and Head lettuce cultivars for metal accumulation can be identified, then this population would be of particular interest for breeders' intent of identifying chemical and genetic markers for Cd accumulation in lettuce.
